In this study, a sliding mode control design method based on the finite spectrum assignment procedure is proposed. The finite spectrum assignment for retarded nonlinear systems can transform retarded nonlinear systems into delayfree linear systems by using a coordinates transformation and a feedback, which contain the past values of the state.
Introduction
Sliding Mode Control (SMC) [I, 21 is one of the wellknown robust conlrol design approches. The fundamental idea of sliding mode control is to constrain the system trajectory on a predesigned hyperplane by a switching input.
The most advantage of the sliding mode control is its inherent insensitivity to uncertainties and disturbances which satisfy a certain structural condition. so called a matching condition. A standard sliding mode controller is designed in two steps. First. a sliding surface on which the system dynamics is governed is selected. Second, a switching control law is determined to enforce the system trajectory on the selated surface.
A great deai of SMC controller design methods [3,4,5, 6) for finite dimensional systems and a mathematical extension of differential inclusions to aftereffect systems [7] have been proposed, and several approaches have been developed for the concrete SMC of time-delay linear systems [8, 9, IO, I I , 12, 13 [21] considered linear, time-invariant and BIB0 stable plants possessing a delay in the numerator. The output is measured viu a relay sensor, and the result can be extended to saturated sensors. The result involves a "local inverse" of the sign operator. This means that this "inverse" has to be computed for a pre-defined reference signal, e.g. a sine function. The approach proposed here is different from these methods.
In this paper, we consider a sliding mode control of retarded nonlinear systems, which are systems with time-delays in the state, and propose a new sliding mode controller design method based upon the finite spectrum assignment a p proach [23, 241 for retarded nonlinear systems. The finite spectrum assignment for retarded nonlinear systems can uansfom retarded nonlinear systems into delay-free linear systems by using a coordinates transformation and a nonlinear feedback which contain the past values of the state. This method can be considered as an extension of both the finite spectrum assignment for retarded linear systems with controllability over polynomial ring and the exact linearization for finite dimensional nonlinear systems. The proposed . method bere is to construct a sliding surface by using a ccordinates transformation introduced into the finite spectrum assignment. Since the coordinates transformation convens the retarded nonlinear system to delay-fm linear system, we can reduce a design problem of nonlinear manifold in infinite dimensional space to one of linear hyperplane in a finite dimensional space. In addition. we derive a matching condition of perlurbations by means of the equivalent control approach. The obtained condition is a generalization for time-delay systems of a well-known matching condition for finite dimensional systems.
Preliminary

Mathematical definition
In this section, we give some mathematical notations defined in regard to difference -differential equations. First, we introduce the delayed state derivative. which is an extension of the Lie derivative. This operator has been originally proposed for commensurate time-delay systems in our previous work (Oguchi 1995 efk) ) b e a n ef,), I 
A Finite Spectrum Assignment for Retarded Nonlinear Systems
Next, we briefly introduce a finite spectrum assignment (FSA) [23, 24] for retarded nonlinear systems.
We consider the following retarded nonlinear systems with single input.
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where x E R",u E Rand f and g are smooth vector fields with g(0) # 0. By applying the pure delay operator U , :
A(t) + A(t-t.), system (4) can be written by the following equation.
For the system, we assume that there exists a C"-class real valued function ~( z , u ) of state s(t) and the past value of the state ax satisfying the following conditions:
where U,,, : z ( t ) t) z ( t ) . Then, by applying a static feedback law:
If e = 0, the delayed state derivative and the delayed state bracket coincide with the conventional Lie derivative and the conventional Lie bracket respectively. The delayed state derivative and the delayed state bracket satisfy the following relation.
and a coordinates uansformation: Theorem 2 3 Given f,g and 4 definedobove, the relations L 3 L p = 0, 0 5 i 5 p -1 where u(t) = a j z j ( t ) , the system is into
Here aj are chosen so that the closed loop system has n poles in the preassigned position. We call this method a "finite spectrum assignment for retarded nonlinear systems by a static feedback. This method is an extension of the finite spectrum assignment for retarded linear systems which are controllable over the polynomial ring of O.
In this paper, we consider a sliding mode controller design by using this finite spectrum assignment procedures. 
Throughout this paper, we use notation L$ and ad-g as the delayed state derivative and the delayed slate bradet.
Sliding Mode Control via FSA Approach
SMCdesign
We consider the following nominal retarded nonlinear systems with single input described by equation ( In this case, it is proved that there exists unique inverse mapping +(t) = @ ( z , u ) of the coordinates transformation z ( t ) = @(z,u). Therefore it is guaranteed that z ( t ) also converges to mro. In the next section, we detail about it.
Invertibility of the coordinates transformation
Next, we consider the invertibility of the coordinates transformation z(t) = @(x, U ) in order to guarantee to converge z on the origin as z -t 0.
We assume that if z t ( 0 ) = z(t + 0) = p = 0 for -e,,,, _< 6 5 0, z = 0 holds. Then there exists a neighborhood n € C(R+, R") of the origin such that the coordinates transformation can be approximated by z ( t ) = { z"-l(t) = -C:=;'sizf(t) t+OO WedefineamatrixC(e,u) by
and define a n x n matrix N(z, U ) by
where ( i , j ) -element of N ( x , U ) is given by Furthermore we define a n x n-matrix M (z, U ) by which is the first term of the right-hand side of equation (11). Then (i,j)-element of M ( z ; u ) is computed by where (., .) is the inner product notation. While, by virtue of Theorem 2.3, the following equations are obtained.
L . Ln-i-@(z: U ) = ( -~)~-I L~L~-~L~-~~(~, U )
for j.= l,... ,n.
Now we consider the case in which the system can be accomplished a finite spectrum assignment by a static feedback, In this case, the system satisfies condition I, 2 and Q-'(u)z(t) . This means that there exists an inverse transformation x(t) = T(z,u) of the coordinates transformation z ( t ) = Q(r,u) in a neighborhood of the origin. As the result, if I = 0 is maintained for some period, z = 0 exactly holds.
3 Disturbance invariance property
In this subsection, we focus on the behavior of the system on the sliding manifold. If the sliding mode controller is chosen to satisfy the inequalities (8) and (9). sliding motion will occur at t 2 t., where 1. is the reaching time. Hence, al . + ( Z l . 2 + U1)(53 + = I ' g 2 2 2 ) . By choosing a sliding surface as S(r) = slzl + szzz + z3 = 0, we decide a feedback law satisfying the following inequality. This paper considers a sliding mode control for retarded nonlinear systems. The proposed method is a design of a sliding surface based on coordinates transformation which contains the past values of the state variables in the original coordinates and reduces the retarded nonlinear system to a delay-free linear systems. By applying the coordinates transformation, a sliding mode controller can he designed based on the delay-free system. As the result, the retarded nonlinear system is asymptotically stabilized with the sliding mode controller based on the delay-free system. In addition, we derived a matching condition of perturbations by means of the equivalent control approach. Simulation resulk show the controller is robust to uncertainties and/or disturbances which satisfy the matching condition.
